Gauge Theory of Massive Tensor Field; 2, Covariant Expressions by Hamamoto, S
TOYAMA-91
Gauge Theory of Massive Tensor Field II
| Covariant Expressions |
Shinji Hamamoto
)
Department of Physics, Toyama University, Toyama 930
Abstract
Covariant forms are given to a gauge theory of massive tensor eld. This is accom-
plished by introducing another auxiliary eld of scalar type to the system composed
of a symmetric tensor eld and an auxiliary eld of vector type. The situation is com-
pared to the case of the theory in which a tensor eld describes a scalar ghost as well
as an ordinary massive tensor. In this case only an auxiliary vector eld is needed to











In a previous paper
1)
(referred to as I) a massive tensor eld theory with a smooth massless
limit was constructed. We applied the Batalin-Fradkin (BF) algorithm
2)
to the pure-tensor
(PT) model which describes a massive pure tensor of ve degrees of freedom. By introducing
an auxiliary vector eld, we converted the original second-class constrained system into a
rst-class one. To the gauge-invariant system we obtained, massless-regular gauge-xing was
imposed. The resulting theory was found to have a smooth massless limit. Based on the
Hamiltonian formalism, however, our formulation is non-covariant from the beginning. The
nal result has been left lacking in covariance.
The purpose of the present paper is to give covariant forms to the result. This is accom-
plished by introducing another auxiliary eld of scalar type in addition to the auxiliary eld
of vector type. The situation is to be compared to the case of the additional-scalar-ghost
(ASG) model where a symmetric tensor eld describes an additional scalar ghost as well
as the ordinary massive tensor. For the ASG model, an auxiliary vector eld has also to
be introduced to convert the original second-class constrained system into a rst-class one.
In this case, however, this is enough. It is seen that we can obtain covariant expressions
without introducing any other auxiliary eld.
In x2, canonical formalism of massive tensor eld is presented. It is shown that the
structures of constraints are dierent according to the value of a parameter a in mass terms.
When a = 1, which gives the PT model, we have ve kinds of constraints, four second-class
and one rst-class. On the other hand, in the case of a 6= 1, which corresponds to the
ASG model, we have only four kinds of second-class constraints. In x3, the BF algorithm
is applied to these systems. For both cases of a = 1 and a 6= 1, we can convert all the
second-class constraints to rst-class ones by introducing an auxiliary eld of vector type.
In x4, we investigate massless-regular gauge-xings that allow to take smooth massless limits.
Covariant expressions for the nal results are given in x5. In the case of a 6= 1, we can easily
nd covariant path integral expressions. When a = 1, however, we have to introduce another




A massive tensor eld is described by the Lagrangian
)



























































































h = 0; (2
.
4)
2(a  1)2h+ (4a  1)m
2
h = 0: (2
.
5)

















h = 0; (2
.
8)
which show that this case purely describes a massive tensor eld with ve degrees of freedom.
For other arbitrary value of a 6= 1 (ASGmodel), the Lagrangian describes an additional scalar
ghost as well as the ordinary tensor eld. In particular a =
1
2



















h = 0: (2
.
10)
To investigate the structure of constraints and Hamiltonian, we have to consider two cases
of a 6= 1 and a = 1 separately.
2.1. The case of a 6= 1

















































































































. The Poisson brackets between these























































































































































































































































































































17) show that all the four constraints are of the second class.
4
2.2. The case of a = 1
This case was studied in I. The results are quoted here for the sake of comparison with
the case of a 6= 1.
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is an arbitrary coecient. The Poisson brackets














































































It is seen that '
0
is a rst-class constraint and the other four constraints are of the second
class.
)
Some of the equations have minor dierences from the corresponding ones in I. Since the dierences
come from total divergences in the Lagrangian, however, they have no essential eects.
5
x3. Batalin-Fradkin extension
In this section we convert the second-class constraints into rst-class ones by applying
the BF algorithm. It is seen that for both cases of a 6= 1 and a = 1, the introduction of an
auxiliary vector eld (BF eld) 

and its conjugate momentum !

is sucient to modify
the constraints and the Hamiltonian.
3.1. The case of a 6= 1

















































































































































































































































































































































































































3.2. The case of a = 1



























































































































































































































































































































































4.1. The case of a 6= 1
















































































































































): (;  = 0  3) (4
.
6)
































































respectively, and further integrate


































































































4.2. The case of a = 1

















































































































































5.1. The case of a 6= 1
It is easy to obtain covariant expressions for the generating functional Z (4
.
8). In consid-
eration of the fact that the Lagrangian L[h; ] is invariant under the gauge transformation





























we can give various expressions for Z. The situation is almost the same as in a massless






































































































( = 0   3) are arbitrary functions of x, and  is an arbitrary constant, gauge
parameter. The expression (4
.
8) is a special case of (5
.

















































































); (;  = 0  3) (5
.
6)
and the Nakanishi-Lautrup (NL) eld B







5.2. The case of a = 1
As the rst step to obtain covariant expressions, we introduce another auxiliary eld of


































































































































The Lagrangian L[h; ] can be decomposed into a manifestly gauge-invariant part L[h; ; ']
and the rest R[h; ; '] as





























































































Because of the existence of three -functions in (5
.




































































































































































































") = D"; (5
.
16)
where " denotes the inverse of ". The quantities like h
"
indicate gauge-transformed ones of
the respective elds. For 
0
[h; ; '] we simply have

0

































































For this conguration the quantity [h; ; '] is calculated as

 1























































































































The gauge invariance of this quantity tells that the expression (5
.
19) is valid for any cong-























































belongs to O, we can evaluate [h; ; '] for this conguration. We then have





















































































































































), take into account the gauge-
invariance of L[h; ; '] and
0



































































































































In this expression, the factor enclosed in braces is equal to 1 as seen from (5
.
21). The path























































xL[h; ; ']: (5
.
24)



























































and f are arbitrary functions of x. By introducing the Nakanishi-Lautrup elds
(B

; B) and the Faddeev-Popov ghosts (c

; c) and (c


































































where  and  are arbitrary constants, gauge parameters.
13
x6. Summary
We have given the covariant path integral expressions to the gauge theories of massive
tensor elds. It has turned out that in the case of the PT model a scalar eld in addition to
a vector eld has to be introduced as auxiliary BF eld, while only a vector eld is necessary
for the ASG model. The dierence comes from that of the constraint structures in the two
models.
To construct a complete nonlinear theory which smoothly reduces to general relativity
in the massless limit is left for future study.
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